Introduction {#sec1_1}
============

Systemic chemotherapy for unresectable hepatocellular carcinoma (HCC) has rapidly developed recently. Tyrosine-kinase inhibitors, such as sorafenib \[[@B1], [@B2]\], regorafenib \[[@B3]\], and lenvatinib \[[@B4]\], are available as agents for the treatment of unresectable HCC. In 2018, ramucirumab \[[@B5]\] and cabozantinib \[[@B6]\] were demonstrated to have an improved overall survival as second-line therapies for patients with unresectable HCC refractory or intolerable to sorafenib.

Ramucirumab, a human IgG1 monoclonal antibody that inhibits ligand activation of vascular endothelial growth factor receptor-2, showed significant improvement of overall survival in unresectable HCC patients with a baseline α-fetoprotein (AFP) concentration ≥400 ng/mL after intolerance to, or progression during, the previous sorafenib therapy in a phase 3 trial (REACH-2 trial) \[[@B5]\]. However, the clinical features of ramucirumab remain unclear in clinical practice. Here, we report a very rare case of unresectable HCC that showed a partial response (PR) after continuous ramucirumab treatment, beyond confirmation of radiological progressive disease (PD).

Case Report {#sec1_2}
===========

A 71-year-old Japanese male with chronic hepatitis C was referred to our hospital for hepatic tumors. His radiological examination revealed HCC with 3 lesions with a maximum diameter of 2.1 cm (Barcelona-Clinic Liver Cancer (BCLC) stage A). He underwent surgical microwave ablation therapy with a complete treatment response in 2012. Two years later, in 2014, 5 intrahepatic recurrences and 2 pulmonary metastases were detected, and the patient was again treated with surgical microwave ablation therapy and video-assisted thoracic surgery (VATS). Moreover, one and half years later, the patient underwent VATS for solitary pulmonary metastasis. In 2016 (the patient was then 74 years old), a computed tomography (CT) scan revealed mediastinal lymph node metastasis and intrahepatic recurrence. The patient was administered sorafenib at a reduced dose of 400 mg daily to prevent treatment withdrawal at an early period. At the initiation of sorafenib, he had a Child--Pugh score of 5A, performance status 0. His serum AFP level was high (261.5 ng/mL). However, after the administration of sorafenib, as the serum AFP level increased to 951 ng/mL, and the first radiological estimation showed progression of the mediastinal lymph node and new lung metastasis, the patient was assessed by the RECIST 1.1 and modified RECIST criteria to have PD. Thus, the patient was enrolled in a randomized double-blind trial (REACH-2 study; NCT02435433).

Results {#sec1_3}
=======

The patient was randomized to receive ramucirumab. At the initiation of ramucirumab treatment, he had a Child--Pugh score of 6A (albumin 3.2 g/dL, total bilirubin 0.5 mg/dL, prothrombin time 72%). Physical examination showed a height of 164 cm, weight 53.8 kg, and performance status 0. His serum AFP level was increased to 1,256.8 ng/mL. A CT scan showed progression of mediastinal lymph node metastasis with a short axis of 25 mm (Fig. [1a](#F1){ref-type="fig"}), 2 intrahepatic recurrences with a diameter of 9 mm, and a new development of pulmonary metastasis with a diameter of 7 mm (Fig. [2a](#F2){ref-type="fig"}). The patient was treated with ramucirumab 8 mg/kg div. every 2 weeks, according to the study protocol of the REACH-2 trial.

Five months after the administration of ramucirumab, radiological examination revealed progression of mediastinal lymph node metastasis (Fig. [1b](#F1){ref-type="fig"}) and pulmonary metastasis (Fig. [2b](#F2){ref-type="fig"}). Moreover, there was an abdominal lymph node metastasis. Transient grade 2 edema and grade 2 hypertension were confirmed as adverse events during treatment until radiological PD (Fig. [3](#F3){ref-type="fig"}). At the time of confirmation of radiological PD, the adverse events were tolerable, and the liver function was preserved at a Child--Pugh score of 6A.

The study protocol stated that if the patient experienced a treatment benefit in the opinion of the investigator, the patient could continue the study treatment beyond radiographic progression until clinical progression. Furthermore, the determination of clinical progression was at the discretion of the investigator and would include both objective and subjective data. In accordance with the study protocol of the REACH-2 study, the patient was continued on ramucirumab treatment even after confirmation of radiological PD. After continuous treatment after PD, hypertension worsened to grade 3, which was controlled by the addition of an antihypertensive agent. His serum AFP level increased after continuous ramucirumab treatment, although radiological estimation assessed stable disease. However, the patient\'s serum AFP level suddenly decreased from 7,653 ng/mL to within normal limits 10 months after initiation of ramucirumab treatment (Fig. [3](#F3){ref-type="fig"}).

Radiological evaluation revealed a significant decrease of mediastinal metastasis (Fig. [1c](#F1){ref-type="fig"}) and pulmonary metastasis (Fig. [2c](#F2){ref-type="fig"}), which was defined as a PR by RECIST v1.1 criteria. While on continuous ramucirumab treatment, tolerable adverse events including hypertension, edema, and the increase in aspartate aminotransferase levels were controlled well. However, the treatment was terminated because of uncontrollable grade 3 thrombocytopenia, 26 months after the initiation of ramucirumab. At the time of termination of treatment, radiological evaluation confirmed the preservation of PR. The patient was then treated with lenvatinib for 6 months. The patient died 13 months after termination of ramucirumab treatment.

Discussion {#sec1_4}
==========

Ramucirumab demonstrated a significant improvement in the overall survival in advanced HCC patients with serum level ≥400 ng/mL after sorafenib in the REACH-2 trial \[[@B5]\], despite a low objective response rate of 4%. Here, we describe a very rare case of a late-occurring and long-lasting PR effect after continuous ramucirumab treatment even after the confirmation of radiological PD. This case contains clinically important information on (1) continuous ramucirumab treatment after radiological PD and (2) sustained PR after continuous ramucirumab treatment after radiological PD.

First, it remains unclear whether continuous ramucirumab treatment is effective after radiological PD. However, previous studies have reported the efficacy of continuous sorafenib treatment after radiological PD \[[@B7], [@B8]\]. In particular, continuous sorafenib treatment was effective for patients with thrombotic thrombocytopenia purpura \>4 months, the so-called "slow PD" patients \[[@B8], [@B9]\]. This case study reports a radiological PD, 5 months after starting ramucirumab, and we considered this as "slow PD" as well. Furthermore, the study protocol allowed continuation of treatment beyond RECIST-based PD, provided there was clinical benefit in the opinion of the investigator.

High tolerability of ramucirumab during treatment adds to its clinical benefits. It is desirable to confirm the efficacy of continuous ramucirumab treatment after radiological PD in the future, as it may be adapted as a treatment alternative for patients with slow PD.

Second, a clear reason for the sustained PR after continuous ramucirumab treatment even after radiological PD remains obscure. An interesting mechanism was reported for significant activation of VEGF-signaling in AFP-high tumors \[[@B10]\]. The competition of VEGF-A with the other ligands, such as VEGF-B or PGF, could favor its binding to VEGFR2 in AFP-high tumors, thus leading to its subsequent activation of VEGF signaling. As a result, ramucirumab may demonstrate a high antitumor activity in AFP-high tumors. In the reported case, an increased AFP level may have caused VEGFR-signaling activity by favoring VEGFR2, resulting in improved sensitivity toward ramucirumab during continuous treatment after radiological PD. Furthermore, this mechanism was supported by the results of the REACH-2 study which showed that a higher AFP level is associated with higher improvement of overall survival \[[@B5]\]. It is necessary to confirm whether a higher response to ramucirumab induced by a higher AFP level may result in the improvement of clinical outcomes in the future.

Next, it is very interesting to note the gradual worsening of hypertension in this case until the confirmation of radiological PR. Gradual worsening of hypertension may indicate that the response to ramucirumab was reinforced. It has been reported that hypertension as an adverse event during sorafenib treatment is correlated with improvement in progression-free survival \[[@B11], [@B12]\] or overall survival \[[@B11], [@B12], [@B13]\]. Regarding ramucirumab treatment, hypertension as an adverse event may be correlated to the response to ramucirumab.

This study has its limitations. In principle, treatment is usually changed to another available drug after PD. However; we can consider continuous use after PD in case that drug is the best option for the patient based on some reason (e.g., tolerability or availability).

In conclusion, we reported a rare case of advanced HCC with PR to a continuous ramucirumab treatment even after radiological PD. Regular use of ramucirumab as a continuous treatment regimen in advanced HCC warrants further investigation to characterize the clinical features of the drug and the patient population which will profit most.
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![Computed tomography (CT) image. **a** Mediastinal lymph node metastasis at the start of ramucirumab treatment. **b** Mediastinal lymph node progression 5 months after the start of ramucirumab treatment. **c** Mediastinal lymph node reduction 8 months after continuous ramucirumab treatment after radiological PD.](cro-0013-0379-g01){#F1}

![Computed tomography (CT) image. **a** Pulmonary metastasis at the start of ramucirumab treatment (arrow). **b** Pulmonary metastasis progression 5 months after the start of ramucirumab treatment (arrow). **c** Pulmonary metastasis reduction 8 months after continuous ramucirumab treatment after radiological PD (arrow).](cro-0013-0379-g02){#F2}
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